We report here a multiple-reflection type ultra-small-angle x-ray-scattering apparatus constructed according to the principle proposed by Bonse and Hart. The ultra-small-angle x-ray scattering technique enables us to investigate the distribution of solutes or particles in turbid systems, which could not be studied by the conventional light-scattering and microscopic methods. By this method, the density fluctuation from an order of several thousand angstroms to several micrometers is now detectable. In this paper, the ultra-small-angle x-ray scattering apparatus was calibrated by using well-defined latex particles.
It has been confirmed by an ultramicroscopic technique that ionic polymer latex particles form "ordered" structure in dilute suspensions at low ionic strengths (1) . At these low latex concentrations the ordered structure has been found to be localized: there exist ordered (dense) regions and disordered (less dense) regions, which we call "two-state structure" (2) . A similar structure has been also concluded for macroionic solutions by the small-angle x-ray-scattering technique (1, 2) . Because the field of vision ofthe microscope is limited near the cover glass, one may wonder whether the structure is also maintained inside the suspensions. In vaddition, one may ask about the size of the ordered structure, which has not accurately been determined, except in a few cases (3) (4) (5) . The light-scattering technique appears to be useful for the study of fluctuations of orders of magnitude between several thousand angstroms and several micrometers. Unfortunately, light scattering is almost powerless for turbid systems like latex suspensions and even more so at high concentrations. When use is made of the conventional small-angle x-ray-scattering technique, there is a maximum value that may be measured for the dimension to be studied; this is due to the short wavelength of x-ray beams and also to the unsatisfactory small-angle resolution. In this note, we describe an ultra-small-angle x-ray-scattering (USAXS) apparatus that can be applied for the measurement of micrometer-sized domains. This type of x-ray camera was first reported by Bonse and Hart in 1966 (6) . Since then, systematic measurements have not been documented. It would be fair to mention that the Bonse-Hart method was successfully employed for the ultra-small-angle neutron-scattering technique (7) . Fig. 1 shows the principle of the USAXS apparatus. The apparatus has two grooved Si single crystals. Angle scanning is performed by the rotation of the second crystal. The full width at the half-maximum of the rocking curve of the direct beam is found to be smaller than 4 sec, indicating that an , first hits the fore-crystal for monochromization. Then the beam goes into the groove of the first crystal. The groove is cut for the direction parallel to the (220) plane of the Si single crystal. In the groove, the beam is diffracted five times. The beam, which has been highly monochromized by these Bragg reflections, hits the sample. The scattered x-ray goes into the second Si crystal. However, only the scattered x-ray, which strictly satisfies the Bragg condition for the second crystal, can pass through the crystal after the five Bragg reflections and be detected. Hence, by rotation of the second crystal (the minimum step was 0.02 sec), the scattered x-rays in a very small-angle region can be measured without being influenced by the incident beam.
electron-density fluctuation in 8 ,um is, in principle, detectable. Fig. 2 illustrates our results. Curve 1 is obtained for a powder of latex particles -2900 A in diameter, whereas curve 2 is for an ethanol suspension of the latex. The latex particles of styrene-styrenesulfonate copolymer were synthesized in our laboratory. Curve 3 is a theoretical curve obtained for an isolated sphere of 3000-A diameter (8) . The agreement of positions of the peaks for curves 1 and 3 is good, testifying to the reliability of the USAXS apparatus. Peak A of curve 1 is due to interparticle interference from close packing of the particles. The positions of three maxima (peaks B) of curve 2 at higher angles (200-400 sec) are in satisfactory agreement with the theoretical calculation (curve 3). Fig. 3 shows the time evolution of USAXS curves for a suspension of latex particles containing ion-exchange resin particles in a USAXS cell. As the deionization process proceeds, interparticle-interference peaks appear, indicating that the ordered structure is growing and that this structure is maintained in the whole suspension. It is interesting to note that the first peak splits into two peaks 2 weeks after sample preparation. At this time, the second peak is higher than the first peak. However, at 4 weeks, the first peak becomes higher than the second peak. From the relative position of these first and second peaks (-V0:V4), the structure at 4 weeks may be judged to be face-centered cubic (fcc): the first Abbreviation: USAXS, ultra-small-angle x-ray-scattering. * peak refers to the (111) plane, and the second peak refers to the (200) plane. It should be noted that the three curves in Fig.  3 do not reflect the same structure. As Sogami and Yoshiyama (9) made clear by using Kossel line analysis, the ordering formation in colloidal suspensions evolves by way of multiple intermediate processes from two-dimensional hexagonal closed-packed structure to normal face-centered cubic structure. By applying the Bragg method, the closest interparticle distance was calculated to be 5600 A, whereas the average interparticle distance calculated from the latex concentration was 5700 A. The agreement is most satisfactory, as has been true at relatively high concentrations (10) .
More detailed quantitative analyses are required; the size of the localized structure will be discussed in a forthcoming paper. The technique can also be applied for the structure study of porous glass materials, of block copolymers and polymer blends, and of metals.
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